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Abstract 
Screening methods for the mass spectrometric detection of caseins and whey proteins in meat products have been developed. 
After tryptic digestion, two α-S1-casein and two β-lactoglobulin marker peptides were measured by HPLC-MS/MS. For matrix 
calibrations, emulsion-type sausages with different concentrations of milk and whey protein (ppm level) were produced. The 
limits of detection (LODs) were below 1 ppm for milk protein and about 3 ppm for whey protein. The determination coefficients 
for the correlation between peak area of the marker peptides and the concentrations of milk and whey proteins were R2≥0.9899. 
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1. Introduction 
Milk proteins are used in various meat products such as liver sausages or Frankfurter-type sausages, in which 
their use is usually declared. Besides the declared use, small amounts of milk proteins can also get into meat 
products inadvertently, for example due to cross contamination or via spice ingredients. This can be a problem for 
persons suffering from allergies, because milk is one of the 14 food ingredients which must be indicated on the label 
of foodstuffs as they are likely to cause adverse reactions in susceptible individuals1. Furthermore the deliberate and 
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non-declared use of milk protein as foreign protein in meat products is possible, because milk protein is cost-
efficient and produced in high amounts. 
A number of Enzyme-linked Immunosorbent Assays (ELISAs), specific for caseins and/or whey proteins2, are 
available for the detection of milk in food3. Although there are many advantages of ELISAs, including specificity, 
sensitivity and simplicity, thermal processing of food may have an adverse influence on the detection of milk 
proteins, because a possible alteration of the protein structure may lead to an alteration of antibody binding4. The 
frequently used detection by means of polymerase chain reaction (PCR) cannot be used for the detection of milk 
proteins in meat products, as a differentiation between beef and milk is not possible at the DNA level. 
The main objective of this study was to develop analytical methods for the HPLC-MS/MS-detection of casein5 
and whey peptides in meat products. Emulsion-type sausages with different contents of caseins and whey proteins 
were produced and the LODs as well as linearity and repeatability of the developed methods were determined. 
2. Materials and methods 
2.1. Production of emulsion-type sausages 
The formulations of the batches (milk powder/whey powder) applied to a 3l bowl chopper were 49.1/53.3% pork, 
26.4/25% fat, 22.5/20% ice, 1.8/1.5% salt (NaNO2: 0.4%), and 0.2% K2HPO4. Skimmed milk powder (36 % 
protein) and whey powder (16 % protein) were added as follows (Table 1): 
Table 1. Batches of sausages with milk and whey protein. 
Batch Milk powder [ppm] Whey powder [ppm] 
0 (control) 0 - 
1 3 - 
2 8 - 
3 14 - 
4 28 - 
5 69 - 
6 139 - 
   
0 (control) - 0 
A - 16 
B - 64 
C - 250 
D - 1000 
E - 4000 
 
Batches with milk powder were heated as home cannings, full stable cans, and cans under tropical conditions. 
Batches with whey powder were stuffed into casings and heated for 70 min at 75 °C. 
2.2. HPLC-MS/MS-Detection of casein and whey peptides 
Homogenized meat products (2 g) were extracted with acetone in a Speed Extractor E-916 in two cycles (30°C, 
50 bar, 15 min) and the defatted sample was dried at room temperature (RT). 100 mg of the defatted sample were 
solubilized in 1 ml TRIS-HCl (100 mM, pH 8.2) and the samples were shaken for 1 h (caseins) or 0.5 h (whey 
proteins) at 60°C, cooled to RT and centrifuged. To 100 μl of the protein extract, 20 μl Trypsin solution (0.1 μg/ml) 
were added and incubated at 37°C for 3 h (caseins) or 18 h (whey proteins). After addition of 2 μl concentrated 
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formic acid (FA) the sample was cleaned up on a Strata-X SPE column (30 mg; elution with 0.5 ml 80% ACN in 
water) and concentrated to 50 μl. 
Separation of peptides was performed with a Dionex UltiMate 3000 RS HPLC (Nucleosil 100-3 C18 HD; 125 x 
2.0 mm) using a gradient elution with water/ACN (0.1% FA) at 40°C (injection volume: 2 μl) and a flow rate of 250 
μl/min. Peptide detection was carried out on a AB Sciex QTrap 5500 using the following parameters: Source 
temperature: 430°C, ion spray voltage: 5.5 kV, curtain gas flow: 35. Details of the multiple reaction monitoring 
(MRM) methods are shown in Table 2. 
Table 2. Parameters of the MRM methods.  
Marker peptide (Target Protein) m/z Product Ions CE [V] 
YLGYLEQLLR (casein 1) 634.4 991.6, 771.5, 249.2 27/30/28 
FFVAPFPEVFGK (casein 2) 692.9 920.5, 465.2, 267.1 26/22/43 
TPEVDDEALEK (whey 1) 623.3 572.8, 918.4, 819.4 32/34/32 
VLVLDTDYK (whey 2) 533.3 966.5, 853.4, 754.4 20/20/22 
3. Results and discussion 
For the detection of caseins in meat products, a rapid HPLC-MS/MS method using two marker peptides from α-
S1-casein was developed5. The limit of detection (LOD) of this method was below 1 mg milk protein/kg meat 
product for all types of cans. The determination coefficients for the correlations between peak area and content of 
milk protein for the casein marker peptides for the different types of cans ranged between R2=0.9899 and 
R2=0.9997. No false positive and false negative results were obtained. Between the different thermal treatments of 
the meat products no relevant differences were observed. Stronger heating had no negative effect on the detection of 
the two marker peptides. In contrast, the detection of marker peptide casein 2 seemed to be improved for more 
intensively heat-treated sausages. 
For whey proteins, two marker peptides from β-lactoglobulin were identified. The emulsion-type sausages with 
different concentrations of whey protein were analyzed in duplicate for matrix calibration. Linear correlations 
between the averaged peak areas and the content of whey protein (R2 > 0.999) were determined for the two whey 
protein marker peptides. In the control batch the two mentioned marker peptides were not detected. In order to check 
the repeatability of the method, samples of batch B and D were analyzed sevenfold and the relative standard 
deviations (RSD) of the peak areas of the three mass transitions of the two marker peptides were calculated. The 
developed method revealed a good reproducibility, which was in the range of 3% to 7% for batches B and D with 
the exception of the mass transition 533.3/966.5 for VLVLDTDYK (RSD: 16%) in batch B. To estimate the LOD of 
the analytical method for the detection of whey proteins in meat products, the signal-to-noise (S/N) ratios of the 
three mass transitions of the two marker peptides were determined. Assuming the detection of whey protein in meat 
products to be positive, if all three mass transitions of the two marker peptides showed S/N ratios of at least 3, the 
LOD was about 3 mg whey protein/kg. 
4. Conclusion 
The developed analytical methods are suitable for the mass spectrometric detection of caseins and whey proteins 
in meat products and have great potential for the further development of a multi-method for the simultaneous 
detection of allergens and foreign proteins in meat products. From an analytical point of view, the detection of the 
potential allergens milk and egg are especially interesting, as they are important foreign proteins and are not 
detectable by means of PCR. 
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